Although the incidence rate of gastric cancer has been declining steadily, gastric cancer remains the second most common malignant tumor in the world (1, 2) and contributes to significant cancer mortality, particularly in Asia (China, Japan, and Korea) and parts of Europe and Latin America. Multiple environmental factors, including Helicobacter pylori infection (3) and dietary factors (4), have been implicated in the initiation of gastric carcinogenesis. Although much has been learned recently about the molecular genetic alterations associated with the development of gastric cancers, much about them still has remained unclear. Microsatellite instability (MSI) is a form of genomic instability associated with defective DNA mismatch repair in tumors (5). The majority of cancers of the hereditary nonpolyposis colon cancer (HNPCC) syndrome (6) and about 15% of unselected colorectal cancers have MSIϩ phenotype (7). Clinicopathologic characteristics of MSIϩ colorectal cancers are proximal location, younger age, lower lymph node metastasis, and a better survival rate (7, 8) . The stomach is a frequent site of extracolonic cancer development in patients with HNPCC (9) and is one of the organs in which primary sporadic tumors show MSIϩ phenotype (10 -15). Defects of the mismatch repair system and MSI play an important role in early stage of gastric carcinogenesis. In the adenoma-carcinoma sequence of the stomach, gastric adenoma had a high frequency of MSI, and it persisted after malignant transformation (16). To determine the correlations between MSI status and clinicopathologic variables
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Microsatellite instability (MSI) is a form of genomic instability associated with defective DNA mismatch repair in tumors (5) . The majority of cancers of the hereditary nonpolyposis colon cancer (HNPCC) syndrome (6) and about 15% of unselected colorectal cancers have MSIϩ phenotype (7) . Clinicopathologic characteristics of MSIϩ colorectal cancers are proximal location, younger age, lower lymph node metastasis, and a better survival rate (7, 8) . The stomach is a frequent site of extracolonic cancer development in patients with HNPCC (9) and is one of the organs in which primary sporadic tumors show MSIϩ phenotype (10 -15) . Defects of the mismatch repair system and MSI play an important role in early stage of gastric carcinogenesis. In the adenoma-carcinoma sequence of the stomach, gastric adenoma had a high frequency of MSI, and it persisted after malignant transformation (16) . To determine the correlations between MSI status and clinicopathologic variables affecting the prognosis and survival of gastric cancer patients, we analyzed 327 consecutive cases.
MATERIALS AND METHODS

Patients and Samples
Surgically resected gastric cancer cases were examined from the files of the Department of Pathology, Seoul National University College of Medicine that were kept between January 1, 1995, and June 30, 1995. In total, 352 patients were treated at the hospital and 336 specimens (95%) were available for the study. The age, sex, tumor location, gross type according to Borrmann's classification, tumor size, lymphatic invasion, and pTNM stage (17) were evaluated by reviewing medical charts and pathologic records. The mean age of the patients was 54.4 years, and 93.3% of patients underwent curative resection (R0 according to the UICC guideline). The study included 223 advanced gastric carcinomas and 113 early gastric carcinomas. Mean diameter of tumor was 6.04 Ϯ 2.96 cm in advanced gastric carcinomas and 3.46 Ϯ 2.51 cm in early gastric carcinomas (P Ͻ .001). No patient had fulfilled the Amsterdam criteria for HNPCC (18) . No patient had received preoperative chemo-or radiotherapy. Glass slides were reviewed to determine the histologic type (according to the World Health Organization and Lauren's classifications). The clinical outcome of patients was followed from the date of surgery to the date of death or to December 1, 1999. The follow-up period was 1~60 months (mean, 42 mo). The cases lost to follow-up and to deaths from any other causes than gastric cancer were regarded as censored data during the analysis of survival rates.
Microsatellite Analysis
The DNA of cancerous tissue and corresponding normal gastric mucosa from 327 of 336 patients with consecutive gastric cancers was obtained from formalin-fixed, paraffin embedded surgical blocks. The DNA was extracted by proteinase K digestion and the phenol-chloroform procedures. The extracted DNA was amplified by PCR with fluorescent dye-labeled primers on two mononucleotide repeat microsatellite markers, BAT-26 and BAT-25 (located within intron 5 of the hMSH2 gene and introns of the c-kit oncogene, respectively). DNA was detected by a temperature-controlled DNA Sequencer (PRISM 377, Perkin-Elmer Corp., Foster City, CA), and fragment analyses were carried out with Genscan software (Perkin-Elmer). MSI status was determined by size variation and the occurrence of additional bands in the PCR product from tumor DNA and not observed in DNA from normal tissue from the same patient (19) . Because previous reports and investigations have proven that MSI at BAT-26 reflects an MSIϩ phenotype (10, 15, 16, 20 -22) , cancers with alteration at BAT-26 were categorized as having an MSIϩ phenotype (Fig. 1) . In this study, no short BAT-26 allele was found in PCR products from corresponding normal DNA.
Frameshift Mutation Analysis
To detect frameshift mutations of the coding regions in MSIϩ gastric cancers, the repetitive mononucleotide tracts of the following genes were amplified using primers as previously described (23, 24) : poly(A) 10 8 tract of hMSH3, and poly(AGC) 13 tract of E2F4 genes. The reaction involved 32 cycles at 94°C for 1 minute, 53 to 60°C for 1 minute, and 72°C for 1 minute. The presence of additional bands in the PCR products from tumor DNA, not observed in the DNA of normal tissue, was counted as frameshift mutations.
Immunohistochemistry
Core tissue biopsies (2 mm in diameter) were taken from individual paraffin-embedded gastric tumors (donor blocks) and arranged in a new recipient paraffin block (tissue array block) using a trephine apparatus (Superbiochips Laboratories, Seoul, Korea). Each tissue array block contained Յ60 cases, with a total of 336 cases in six array blocks. An adequate case was defined as a tumor occupying Ͼ10% of core area. As an internal control, each block contained normal gastric mucosa from body, antrum, and intestinal metaplasia. Four-m sections were cut from each tissue array block, deparaffinized, and dehydrated.
Immunohistochemical staining against hMLH1 (dilution 1:50, Clone G168-728, 1g/mL; Pharmingen, San Diego, CA), hMSH2 (1:100, Clone FE11, 0.5 g/mL; Oncogene Science, Cambridge, MA), p53 protein (1:100, mouse monoclonal antibody DO7: DAKO, Carpinteria, CA), carcinoembryonic antigen (CEA; 1:100, mouse monoclonal antibody, DAKO), glycosylated MUC1 (1:100, mouse monoclonal antibody NCL-MUC-1: Novocastra Laboratories), and MUC2 (1:100, mouse monoclonal antibody NCL-MUC-2: Novocastra Laboratories) was performed using a streptavidin-biotin-peroxidase complex method (labeled streptavidin-biotin) after an antigen retrieval process using microwaves (three times for 5 min each) for hMSH2, p53, CEA, MUC1, and MUC2 and using an autoclave for hMLH1. CEA and p53 protein were not expressed in the normal mucosa of all slides, but hMLH1 and hMSH2 were expressed in the normal mucosa. MUC1 was weakly expressed in foveolar epithelium of antrum, and MUC2 was expressed in intestinal metaplasia. For statistical analysis, the results of MUC1 and MUC2 immunostaining were considered to be positive if Ͼ20% of the neoplastic cells were stained. When Ն10% of cancer cells showed strong cytoplasmic staining, CEA protein expression was considered to be positive. Those cases with Ն10% of nuclear staining in the tumor cells were considered to overexpress the p53 protein. When Ͻ10% of cancer cells showed nuclear staining, we considered the case to be an hMLH1 or hMSH2 expression loss (Fig. 2) .
Statistical Analyses
The chi-square test or Fisher's exact test (twosided) was performed to determine the correlation between MSIϩ phenotype and the clinicopathologic parameters. The association between MSI status and regional lymph node metastasis was evaluated with multivariate logistic regression. Survival curves were estimated using the Kaplan-Meier product-limit method, and the significance of differences between the survival curves was determined using the log-rank test. Multivariate survival analysis was performed using the Cox proportional hazards model. The results were considered to be statistically significant when P values were Ͻ.05. All statistical analyses were conducted using the SPSS version 9.0 statistical software program (SPSS, Chicago, IL).
RESULTS
Clinicopathologic Characteristics of MSIϩ Gastric Cancers
Of the 327 tested specimens of consecutive gastric cancers, 31 (9.5%) had microsatellite instability. Three of 31 MSIϩ gastric cancers did not show instability at BAT-25, but there was no gastric cancer with instability at BAT-25 but not at BAT-26. Table 1 shows the correlation between clinicopathologic parameters and MSIϩ phenotype. Gastric cancers with MSIϩ phenotype were characterized by older age (P ϭ .009), antral location (P ϭ .022), Type II according to Borrmann's gross classification (P ϭ .001), and intestinal type according to Lauren's classification (P ϭ .01). MSIϩ cancers were more likely to be well differentiated or moderately differentiated adenocarcinomas than were MSIϪ cancers, but this was without statistical significance. Little difference was noted between lymphoid infiltration of MSIϩ cancers (2/29, 6%) and that of MSIϪ cancers (12/269, 4%). Gastric cancers with associated gastric adenoma had a significantly higher frequency of MSIϩ phenotype (3/6) than did gastric cancers without gastric adenoma (28/321, P Ͻ .05).
MSIϩ gastric cancers were significantly associated with lower lymph node metastasis (P ϭ .004) and lower pTNM stage (P ϭ .017). By multivariate logistic regression, regardless of the depth of tumor invasion, gastric cancers with MSIϩ phenotype had a lower prevalence of lymph node metastasis (P Ͻ .001, Table 2 ). However, no correlation was found between MSIϩ phenotype and depth of tumor invasion or distant-organ metastasis.
Frameshift Mutations in the Coding Regions
Frameshift mutations in the coding regions of target genes were studied, and mutations were found in 90.3% (28/31) for TGF␤RII, 9.7% (3/31) for IGFIIR, 61.3% (19/31) for BAX, 22.6% (7/31) for hMSH6, 38.7% (12/31) for hMSH3, and 61.3% (19/ 31) for E2F4 genes ( Table 3 ). The mutation of the TGF␤RII gene showed the greatest correlation with MSIϩ phenotype. Three of 31 MSIϩ gastric cancers that did not show instability at BAT-25 had frameshift mutations of the coding regions (Table 3 ). AGC, advanced gastric carcinoma; EGC, early gastric carcinoma (tumor that was confined to mucosa or extended to submucosa). a The chi-square test was used to compare all variables except mean age and tumor size, which were compared using the unpaired t test.
Immunohistochemical Staining of Consecutive Gastric Cancers
To understand the origin of MSI, we examined the expression of hMLH1 and hMSH2 proteins. Of the 31 MSIϩ gastric cancers, 24 cancers and 4 cancers showed markedly diminished hMLH1 and hMSH2 expressions in tumor cell nuclei, respectively. Four cancers of 235 MSIϪ gastric cancers also showed negative hMLH1 expression, and none of 277 MSIϪ gastric cancers showed negative hMSH2 expression.
Immunostaining of p53, CEA, MUC1 and MUC2 proteins was performed using the tissue array method ( Table 4 ). The frequency of p53 protein expressions was found to be slightly lower in MSIϩ Immunostaining 
Survival Analysis
The survival of patients with MSIϩ phenotype (5-y survival rate, 85.4 Ϯ 6.7%) was better than that of patients with MSIϪ phenotype (5-y survival rate, 71.8 Ϯ 6.7%), but this was without statistical significance (P ϭ .120). By Kaplan-Meier survival curves stratified according to disease progression (advanced and early carcinomas), MSIϩ phenotype was significantly correlated with patient survival in advanced carcinoma (P ϭ .046, Table 5 , Fig. 3 ). Frameshift mutations of TGF␤RII had a survival advantage in advanced carcinoma (P ϭ .025), but frameshift mutations of other target genes were not associated with overall survival (IGFIIR, P ϭ .228; BAX, P ϭ .332; hMSH6, P ϭ .523; hMSH3, P ϭ .129; E2F4, P ϭ .282). In patients who were 65 years of age or younger, a survival advantage associated with the MSIϩ phenotype was found (P ϭ .039). In terms of other clinicopathologic parameters, tumor location, Lauren's classification, lymphatic invasion, and pTNM stage were found to be significantly correlated with patient survival (P Ͻ .05). By multivariate Cox regression model, pTNM stage was found to be significantly and independently associated with patient survival (P Ͻ .001), but MSIϩ phenotype (P ϭ .484) and Lauren's classification (P ϭ .253) were not independently associated with patient survival. MSIϩ phenotype did not show a significant survival advantage in patients with advanced gastric carcinoma (P ϭ .350) or patients who were 65 years of age or younger (P ϭ .154) independently of pTNM stage and Lauren's classification.
DISCUSSION
Carcinogenesis is a long-term, multistep process driven by multiple genetic and epigenetic changes in the susceptible cells, which gain a selective growth advantage and undergo clonal expansion (25) . Genetic instability is an important factor in the rapid accumulation of these genetic changes (26) . MSIϩ phenotype was found in 10 to 45% of gastric cancers in previous studies, depending on the group of cases studied and the definition of MSI (11) (12) (13) (14) (15) . In this study, we evaluated MSI status in consecutive gastric cancers, and 31 of 327 gastric cancers (9.5%) showed MSIϩ phenotype.
Cancers from different mutational pathways are thought to have different clinical features. For example, MSIϩ colorectal cancers were found to have distinct clinicopathologic characteristics in a population-based series (7) . However, the clinicopathologic characteristics of MSIϩ gastric cancers were inconclusive because of smaller or potentially biased studies (27) (28) (29) . We have found different clinical features associated with MSIϩ gastric cancers. In our large and consecutive series, MSIϩ gastric cancer was characterized by older age, antral location, Borrmann's gross Type II, intestinal type, the lower prevalence of lymph node metastasis, and a lower pTNM stage.
The incidence of small and early gastric cancer is higher in Asia and undoubtedly has been increased by early diagnosis (30) . The overall 5-year survival rate of patients with gastric cancers was 73.6% in this study: 63.0% in advanced gastric carcinoma and 95.7% in early carcinoma (data not shown). The MSIϩ phenotype did not show a survival advantage in patients with early carcinoma (P Ͼ .05), probably because of their high survival rate. We stratified survival curves according to disease progression (early versus advanced carcinoma), and MSIϩ phenotype was significantly correlated with patient survival in advanced carcinoma (P ϭ .046). However, it was controversial whether MSIϩ gastric cancers had independent survival advantage or not. By multivariate Cox regression model, MSIϩ phenotype was not independently associated with patient survival. MSIϩ phenotype was significantly associated with the lower prevalence of lymph node metastasis regardless of the depth of tumor invasion, but no correlation between MSIϩ phenotype and depth of tumor invasion or distantorgan metastasis was found. Therefore, MSIϩ phenotype in gastric cancers may be independently predictive of lower lymph node metastasis and contribute to improved survival through tumor downstaging. The MSIϩ phenotype originates from the genetic or epigenetic inactivation of various members of the DNA mismatch repair gene family (31, 32) . Recent studies have shown that the MSIϩ phenotype of sporadic gastric cancers is mainly due to the inactivation of hMLH1 (33, 34) . In this study, immunohistochemical staining revealed that 24 of 31 MSIϩ cancers showed markedly diminished hMLH1 and 4 cases did not express hMSH2 protein, which is similar to results reported by other studies (29, 33, 34) . In addition, loss of hMLH1 expression was also found in 4 of 235 MSIϪ gastric cancers. It is possible that MSIϪ cancers with diminished hMLH1 expression found in this study have been cancers with low frequency of MSI (35) or that hMLH1 expression loss has been over-or underestimated because of the limitation of tissue array methods.
The differences in MSIϩ gastric cancers were restricted not only to the tumor phenotype but also to their genotype. MSIϩ gastric cancers were reported to have fewer mutations of p53 and more frequent mutations of the TGF␤RII gene than MSIϪ gastric cancers (28, 29) . In this study, frameshift mutation analysis revealed that MSIϩ gastric cancers displayed a higher frequency of target gene mutations of TGF␤RII, BAX, hMSH3, and E2F4 genes. Of these different genotypes, mutations of the TGF␤RII gene were mostly associated with patient survival in advanced carcinoma. TGF␤1 is a potent growth inhibitor, with tumor-suppressing activity. Recently, numerous experiments supported that TGF␤1 not only has transforming potential but can also drive malignant progression, invasion, and metastasis, both in vitro and in vivo (36) . It therefore appears that complete abrogation of TGF␤ signaling from mutations of the TGF␤RII gene, although leading to loss of growth control and early tumor onset, paradoxically has a protective effect on tumor progression.
Gastric cancers have been found to contain higher levels of MUC1 mucin expression than normal gastric mucosa, and the expression of MUC2 mucin was observed frequently in intestinal type gastric cancer (37, 38) . As MSIϩ gastric cancers were significantly associated with intestinal subtype, it is expected that MSIϩ gastric cancers showed higher expression of MUC2 mucin than MSIϪ cancers. Recently, CEA expression status in tumors was of prognostic significance in patients, and cytoplasmic expression was associated with poorly differentiated adenocarcinoma, more prominent serosal invasion, more frequent lymph node metastasis, and a more advanced stage (39) . Although detailed mechanism was unknown, cyto-FIGURE 3. Kaplan-Meier survival curves for patients with stomach cancer (ϩ: censored cases). A, pTNM stage were significantly correlated with patient survival (P Ͻ .001). B, MSIϩ phenotype was significantly associated with patient survival in advanced gastric carcinoma (AGC; P ϭ .046). C, MSIϩ phenotype was significantly associated with patient survival in patients 65 years or younger (P ϭ .039).
plasmic expression of CEA were found less frequently in MSIϩ gastric cancers.
In summary, we detected MSIϩ phenotype in 9.5% of 327 gastric cancers. In our large and consecutive series, MSIϩ gastric cancer had distinct clinical features, including old age, Borrmann's gross Type II, intestinal type, and lower prevalence of lymph node metastasis. The MSIϩ phenotype in gastric cancers showed the survival advantage in a group with advanced gastric carcinoma. MSIϩ phenotype is closely associated with hMLH1 or hMSH2 proteins.
This volume follows the format of other volumes in Dr. Ackerman's series Differential Diagnosis in Dermatopathology. Two entities comprising a differential diagnostic problem are compared side by side with clinical and histologic photographs with an accompanying list of helpful diagnostic features. The visual presentation and list is followed by a more thorough discussion. This format can be an effective means to learning subtle clues in the diagnosis of dermatopathologic entities. In that regard, this volume can be helpful in the daily practice of pathologists and dermatopathologists as well as residents in training. The addition of comparative clinical images can be especially helpful for those coming from a pathology background. There are inherent limitations in this approach in that the differential diagnosis in a given case is often broader than a single pair of entities. Overall, however, this remains an effective means to clarify the differential diagnosis in selected entities.
According to the preface, one of the primary purposes of the second edition of this book reflects Dr. Ackerman's wish to rework the original text to "wrest mistakes from it, and to inject new concepts into it." One of the principal mistakes Dr. Ackerman wished to correct is the quality of the clinical and histologic photographs. The improvement is especially noted in the photomicrographs, where the color balance is improved as compared with the previous edition. The difference in the clinical photographs is less striking.
The current edition includes new chapters on acute discoid lupus erythematosus versus subacute cutaneous lupus erythematosus, interstitial granuloma annulare versus interstitial mycosis fungoides, and mammary versus extramammary Paget's disease. The first of these three artfully points out the lack of significant histologic differences in cutaneous lupus erythematosus. The chapter on interstitial granuloma annulare is useful and offers a helpful approach in dealing with that differential question. The new chapter on Paget's disease, by contrast, is less helpful by its emphasis on differentiating mammary Paget's disease from extramammary Paget's disease. The more problematic situation is differentiating primary anogenital extramammary Paget's disease from secondary intraepidermal involvement from an underlying visceral malignancy. This is given little discussion in the text. A minor criticism is the lack of page numbers in the table of contents.
In summary, the Differential Diagnosis in Dermatopathology series by Dr. Ackerman remains an effective means of learning subtle histologic clues for difficult problems in dermatopathology. The images in the 2nd edition of the second volume are of higher quality than its predecessor and some of the text discussion is updated. However, the improvements in the second edition are not revolutionary in scope. As a stand-alone replacement for the current second volume in the series, the second edition is modestly successful. If the entire series is subsequently revised, this new volume would serve as a welcome addition to many bookshelves. Therefore, the decision to buy this book probably should be made in part on how well one likes the format of the series and how dissatisfied one was with the original second volume in comparison with the others in the series.
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